membrane was 
in rate tensors 

lly within the Eulerian concep- 
sred as stationary, although the 
batic 7 one. Strictly speaking, the prob- 
elasticity rather than one of plasticity or 
, displacements instead of velocities and ¢,, 


, w, be interpreted as 

of strain rates. 

sr we shall show how to modify the mathematical treatment so as 

1e physical problem of incipient creep of a metallic membrane. The 
| will be quoted as (1);, (2)1, ... 

_ the equations (1);, (2);, (5); in [1] we shall now assume (fluxions, 

erivatives with respect to the time 1) 


~ 


Lai dw din 
da dr ar 
: (1) 
saat 
t r I 
= é, = F (oe) (o,—0;/2) 
ee (2) 
3a é, = F (oe) (6 — 0/2) 
pe 5 &=4lert 4+ & &:)/3 (3) 


whereas equations (3);, (4)1, (6)r- . (8)x remain unchanged, supposing nowmore wu, 
v, w to be the displacement vector and ¢,, € to be the strains in radial and tan- 
gential direction, so that é,, é; are the strain rates. 

_ Tf we introduce again dimensionless variables according to (9);, we arrive at 
the modified system 

, 4 1 The title of [1] is justified from considerations of primary creep, cf. [2]. 

g This opportunity may be utilized to correct two misprints in [1], viz. Equation (17) reads 
n-1 n-1 


[R?-RT+T)" . ..; should read [Re-RT+7%)?— . 


Equation (18): The first square bracket reads 
Bye [3n + 6) Ry + +++]; should read [(3n +6) Ry +++] 
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er OPT ew 
T=S[1+3R,e?+5R,o'+ --] 


we have already satisfied (4) but shall have to assume from the outset S, ges Ry. 
as functions of t to be determined. From (7) we obtain i 


=F {e+ 2n+3)R,o'+[8n+6)Ry+ (An 24+ 11n— 15) Ri/2]9° + all 
+ +(R),o7mtt...} : 2 


and from (5), (8) and (9) 


dU dWaW_ 1 {(i\,_ t\ 3) "Dee 
ie * ae de ~75\(3)° [2%(5) +(3) Je 


; 1 Ss 
= (ns (;) + (B)'n-a fo" | ty (1+3(2n+8) Ryo? + 


+ 5[(3n+6) Ry + (4n2 + 11 n—15) R/2] 0! +--+ + (Ror + 
(10) 


Here (R),, is a general notation for a polynomial in the coefficients R, ... Rp, 
such that the subscript sum of each term is equal to m. Further, if distinctio 
is necessary, (R’),,, (R’’),, may denote similar polynomials, non-identical with (R) m- 
Later we shall denote with (R);, such polynomial, where the coefficients R, ... Rm—1 
appear only, and with (R), such polynomial in R, ... R,, and at least one of its 
derivatives R, ... R,,. 

We may also obtain directly from (6) 


dU awaw_s 
do ' do do tt 2n—3)R,e°+ [(8n—6)R, + (4n®— 130+ 9)Ri/2] 04 + 


+ (ne 1 veo} (11) 
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1S (12), iy be = cial oy R,, By ... cae account we the fact ae 
(Bq — (Bm = 2m (mm +1) (+3) Rn + (B)in chins 
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ie 1 8(n+3)8"*1\8) 8 (n+3)S™*8 hho ee 


‘ 1 1 2] 2 ; 2 
R,= BarH ee [22 (5) +3] -24n +17n—21) 8 
8 (2n2+11n+3)8? 


~ 192 (n+ 3)2S"*5~ 128 (m+ 3) SEF (13) 


ee, Le hie on Lame | — ay 
Bn Fm (m+ 1) (043) 5 gr | Rms (5) + (P15) - (R),| 


- The system (13) is recurrent for the coefficients R, so that R,, is expressible in 

- terms of § and its derivatives up to the m:th order. Moreover, reinserting (13) 

B nh) and (7), we may satisfy the boundary condition U=0 for e=0, and pce 
arrive at, the relation 


B) 


p2nt3)Sot ,f_ Bn+6)S —_ (Ant+22n?+ 57m +63) 9] ogy 
8(n+3)S"*® [192 (n +3)? 87"*° 128 (n+ 3)2S"*6 Cine 14) 


a differential equation of infinite order for the determination of S. 

Now, however, from (13) it is obvious that if R, = constant, independent of t, 
then R,, R, ... R, will also be constants. Let us put Rj = —C /oi, where C is a certain 
constant, then we have from (13) 


a ee ee 


Be So | 
es Saran —° (15) 
a 
and from (14) the relation 
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sided ie ie ee at eS 
‘ 
: 
' 


ee. 1 e z “ +s _ ou 
C= 0.16 0.096 0.0695 
B(u+3)C= 5.1 46 = 4.4 486 ae 
we (8043) (n42)0415 © OS) B18) 839m OL ee 


>ythe TOT) nth = 7" 
The convergence of equation (16) is slow and the accuracy of (17) is poor 
particularly for the smaller values of n. 4 
In the case n=1 it is easy to obtain a more accurate formula. This case 
less interest from the physical point of view. For most engineering materials 
for structural metals in particular, we have n= 2---10, [2]. In the case n=1 
easy to obtain some more terms in equation (13), say, the expressions for 
R, and R;. We thus obtain, instead of (16) 


6 2 _ 169 pg _ 289-4 _ 518 (5 re 
pone rn, a (18) 


This equation gives C=0.159 or rather 0.16 with two correct figures instead of 
C=0.15, using equation (17). 
In the ease n=3 we may obtain similarly - 


Gil En SRE gas ee (19) 


from which we may compute the value C=0.096 instead of 0.097 from equa- 
tion (17). 

It turns out that the product 8(n+3) C varies but slightly with n from n=1 
to co, An average value of 4.5 would suit most structural metals in the techni- 
cally important temperature range with an accuracy of about 5 per cent. 

Now equation (15) may be integrated, taking account of the initial condition 
S=8, for t=0. Thus we obtain | 


S=[1/S0** + 8 (n+ 2) (n+ 8) Ct/o2]-Ur*® (20) 
From (13) and (15) follows 
R= - O/o% 


_ (4n® +21 —9) 07 
6(n+3)o} 


a A Diet 


Ry 


——— 
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Eire the character of the solution found. For t=0, we have a state of stress 
ording (22) and a deflected form of the middle surface according to (23), assum- 
% S=8,. The greater Sy, the smaller W for t=0. With increasing t, the quantity 
S will decrease from S= 8, to zero for t= 0c, while the stresses drop and the 
deflection i increases. The con of the middle surface i is very nearly parabolic through- 
‘out the whole process. 

An originally plane membrane is not included in our solution, as it would corre- 
spond to S,= co. In order to comply with an initial condition W=0 for t=0, 
_ it would be necessery to take account of creep in bending. This action will be : 
_ discussed in future work. 
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